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(54) Backlight device for display apparatus 

(57) A backlight device suitable for illuminating a 
transmission-type display device, such as a liquid crys- 
tal device, is constituted by a reflection member (1 0) for 
reflecting light, a transmission member (11) disposed 
opposite to the reflection member (10) so as to form a 
space (S) from the reflection member (10), and a light 
source (1 ) disposed to emit light into the space (S). Light 
issued from the light source (1) into the space (S) is re- 
flected by the reflection member (10) and transmitted 
through the transmission member (11). The transmis- 
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sion member (11 ) is preferably provided with a reflection 
layer (1 2) having apertures (1 3) having an aperture ratio 
which increases with an increase in distance from the 
light source (1) toward a centre of the space (S) as a 
linear function, a hyperbolic function or a function inter- 
mediate therebetween of the distance from the light 
source (1). Between the transmission member (11) and 
a display device, a prism sheet (16, 17) and/ora diffusion 
sheet may be disposed so as to improve the frontal illu- 
mination performance. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

5 [0001] The present invention relates to a backlight device for display apparatus, such as those for computers, word 
processors, television receivers and navigation systems, and view finders for video cameras. 

[0002] Backlight devices or display apparatus may be classified into the direct backing-type and the edge (or H- 
arrangement)-type. Examples of the former type have been disclosed in Japanese Laid-Open Patent Appln. (JP-A) 
2-39118 and JP-A 6-18873, and examples of the latter type have been disclosed in JP-A 63-13202, JP-A 4-71105, JP- 

10 A 5-281541 and JP-A 5-323318. A representative example of the H-arrangement-type backlight device for a transmis- 
sion-type liquid crystal panel has been proposed by JP-A 57-128383 and Figure 21 is a schematic illustration thereof. 
[0003] Referring to Figure 21, a backlight device B 0 includes a fluorescent lamp 1 as a light source and a reflector 
2 disposed to surround the fluorescent lamp 1. Extending sidewards from the fluorescent lamp 1 is disposed a light- 
guide member 3 of a thick transparent plate of, e.g., acrylic resin. Behind the light-guide member 3, light-scattering 

J5 layers 5 are disposed in a prescribed areal proportion. Light issued from the fluorescent lamp 1 and entering the light- 
guide member 3 is scattered by the scattering layers 5 and issued from the front face of the light-guide member 3 to 
illuminate a liquid crystal panel (not shown) at a uniform illuminance. 

[0004] In the above-mentioned backlight device, the light-guide member 3 is composed of, e.g., an acrylic resin, and 
is therefore heavy, so that the backlight device becomes heavy and suffers from inferior conveyability. Particularly, in 
20 recent years, a liquid crystal panel size is enlarged so that the backlight is also enlarged. Accordingly, the light-guide 
member is thick and enlarged in area, so that the above-mentioned difficulty is promoted. 

[0005] For the above reason, a backlight device using no light-guide member has been proposed as in JP-A 
5-323318. The backlight device has resulted in a poor planar illumination uniformity and is unsuitable for a large area 
display apparatus having a diagonal size of 38 cm (15 inches) or larger. Further, the backlight device is required have 
25 a backing reflector shaped in a parabolic curved surface and requires a substantial production cost. 

[0006] JP-A 5-281541 also discloses a backlight device capable of dispensing with a light-guide member, but the 
device also suffers from a poor planar illumination uniformity, which becomes noticeable in a large-area display appa- 
ratus having a diagonal display area size of 38 cm (15 inches) or larger. 

[0007] On the other hand, direct backing-type backlight devices generally require a large thickness behind display 
30 apparatus and are unsuitable for flat panel displays. Particularly, uniform illumination light cannot be attained for large 
area display apparatus unless a large number of light sources (fluorescent lamps) are used. Anyway, direct backing- 
type backlight devices are liable to be complicated and expensive for a larger size and are believed to be unsuitable 
for flat panel-type display apparatus of an increasingly large display area. 

[0008] Accordingly, it has been desired to develop an improved edge-type or H-(arrangement-)type backlight device, 
35 instead of a direct backing-type device, through elimination of various difficulties of the edge-type backlight device. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a backlight device for display apparatus capable of issuing 
40 uniform illuminatt'on light without using a light-guide member occupying a substantial part of the total weight of such a 
backlight device, when used. 

[001 0] Another object of the present invention is to provide a backlight device for display apparatus, which is light 
and excellent in portability. 

[0011] Another object of advantageous embodiments of the present invention is to provide a backlight device for 
45 display apparatus capable of providing a improved viewing angle characteristic and moire-freeness. 

[0012] Another object of advantageous embodiments of the present invention is to provide a backlight device for 
display apparatus, capable of issuing substantially uniform planar illumination light even for a large display area having 
a diagonal size of 38 cm (15 inches) or larger. 

[0013] A further object of advantageous embodiments of the present invention is to provide a backlight device for 
50 display apparatus, capable of issuing substantially uniform planar illumination light even at a relatively low accuracy 
of designing of a reflection layer and a disposition density thereof. 

[0014] A still further object of advantageous embodiments of the present invention is to provide a backlight device 
for display apparatus capable of preventing an adverse effect of radiation heat from a light source to a display device. 
[001 5] Still another object of advantageous embodiments of the present invention is to provide an inexpensive but 
55 reliable backlight device for display apparatus. 

[001 6] A yet further object of advantageous embodiments of the present invention is to provide a backlight device 
for display apparatus capable of issuing illumination light having substantially uniform spectral characteristic at the 
illuminated surface. 



2 



EP 1 139 013 A2 



[0017] According to the present invention accomplished in view of the above-mentioned circumstances, there is 
provided a backlight device, comprising: reflection means for reflecting light, a transmission member disposed opposite 
to the reflection means so as to form a space from the reflection means, and a tight source disposed to emit light into 
the space, so that light issued from the light source into the space is reflected by the reflection means and transmitted 

s through the transmission member. In this instance, it is preferred that the transmission member is provided with a 
reflection layer having a multitude of apertures, so that the light issued from the light source into the space is repetitively 
reflected by the reflection means and the reflection layer to be leaked outwards through the transmission member out 
of the apertures. It is also preferred that the apertures are arranged to have an area per unit region of the transmission 
member, which area increases with an increase in distance from the light source. It is further preferred that the reflection 

10 means is provided with a scattering layer for scattering and reflecting light on a face of the reflection means opposite 
to the reflection layer. It is also preferred that the scattering layer is provided with a multitude of apertures arranged to 
have an area per unit region of the scattering layer, which area decreases with an increase in distance from the light 
source. It is further preferred that the backlight device further includes a polarization beam splitter supported on the 
transmission member for selectively transmitting a p-polarization component and reflecting an s-polarization compo- 

15 nent, and a quarter wave plate disposed on the reflection means and opposite to the transmission member for causing 
conversion between the p-polarization component and the s-polarization component, whereby light emitted from the 
light source into the space is reflected between the polarization beam splitter layer and the reflection means so that 
the p-polarization component of the emitted light is selectively leaked outwards through the transmission member. 
[0018] According to another aspect of the present invention, there is provided a backlight device, comprising: 

20 

a first reflection means for reflecting light, 

a second reflection means disposed opposite to the first reflection means so as to form a space therebetween and 
provided with apertures having a prescribed aperture ratio distribution, 
at least one linear light source disposed to emit light into the space, and 
25 at least one sheet of prism means having a multitude of prism ridges extending parallel with the linear light source, 

so that light emitted from the linear light source is repetitively reflected between the first and second reflection 
means, and a portion of the light is transmitted through the second reflection means and the prism means to be 
emitted in a direction deflected toward a normal to the prism means. 

30 [0019] According to the present invention, there is further provided a display apparatus, comprising: 

a backlight device as described above, 

a backlight drive means for driving the backlight device, 

a display device, particularly a liquid crystal display device, illuminated by the backlight device, and 
35 a drive means for driving the display device. 

[0020] These and other objects, features and advantages of the present invention will become more apparent upon 
a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings, wherein like parts are denoted by like reference numerals. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Figure 1 is a schematic exploded illustration of a backlight device according to the present invention. 
[0022] Figures 2 - 5 are sectional views for illustrating first to fourth embodiments, respectively, of backlight device 
45 according to the invention. 

[0023] Figures 6 and 7 are graphs showing an aperture ratio distribution in a reflection layer and a luminance distri- 
bution, respectively, of a fifth embodiment of the backlight device according to the invention. 

[0024] Figure 8 is a sectional viewfor illustrating a sixth embodiment of the backlight device according to the invention. 
[0025] Figure 9 is a schematic exploded illustration of the sixth embodiment of the backlight device according to the 
so invention. 

[0026] Figure 10 is a graph showing an aperture ratio distribution of a prism sheet in the sixth embodiment of the 
backlight device according to the invention. 

[0027] Figures 11 A and 11 B are graphs showing viewing angle-dependence of luminance in cases of using one prism 
sheet and two prism sheets, respectively, in the sixth embodiment of the backlight device. 
55 [0028] Figure 12 is a graph showing a planar luminance distribution in the sixth embodiment of the backlight device. 
[0029] Figures 13 and 14 are sectional views for illustrating 7th and 8th embodiments of the backlight device ac- 
cording to the invention. 

[0030] Figure 15 is a graph showing a viewing angle-dependence of luminance regarding the effect of the 8th em- 
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bodiment. 

[0031] Figure 16 is a sectional view for illustrating a position of diffusion means. 

[0032] Figures 17 and 18 are sectional views for illustrating 9th and 10th embodiments of the backlight device ac- 
cording to the invention. 

s [0033] Figures 1 9 and 20 are respectively a block diagram of a display apparatus using a backlight device according 
to the invention. 

[0034] Figure 21 is a schematic sectional view of a conventional backlight device. 

[0035] Figures 22 and 23 are respectively a plan view showing a preferred reflection layer pattern. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0036] A preferred embodiment of the backlight device according to the present invention will be described with 
reference to Figure 1, an exploded perspective view thereof. 

[0037] Referring to Figure 1 , a transmission-type display device P is illuminated by a backlight device according to 
15 the invention including light sources 1, reflectors 2, a reflection means 10 and a transmission member 11 having a 
pattern of reflection layer. 

[0038] The light sources are disposed outside the display device P to form an edge-type or H (-arrangement)- type 
backlight device. In other words, when the light light sources 1 are constituted by a pair of lamps, the lamps are disposed 
with a spacing of at least M which is a lateral length of the display device P. 
20 [0039] The light source 1 may be any light source having a spectral distribution desired by the display device P. 
Specific examples thereof may include LEDs, halogen lamps, xenon lamps and white fluorescent lamps. Particularly, 
for a display device having three types of pixels of red (R), green (G) and blue (B), it is preferred to use a three- 
wavelength type white fluorescent lamp having a spectral characteristic of providing emission peaks in the regions of 
R, G and B, respectively. 

25 [0040] The reflectors 2 and reflecting means 10 may for example comprise a metal member having a reflecting inner 
surface or a light-absorbing or light-transmissive substrate coated with a reflective material forming an inner surface. 
[0041] The transmission member 11 may comprise a light-transmissive substrate surface-coated with pattern of 
reflection layer. The reflection layer pattern may preferably have apertures (portions free from the reflection layer) 
occupying an areal ratio (i.e., aperture ratio) which increases with an increase in distance in X-direction from a light 

so source 1 . In the embodiment of Figure 1 having two light sources 1 at both ends in the X-direction, the aperture ratio 
is determined based on distances of 0 to M/2 from the light sources at the left and right ends. 
[0042] The reflection layer may have a pattern of a multitude of reflective portions of various shape, such as circles, 
ellipses, squares, rectangles, lozenges, parallelograms, trapezoids or stars. Alternatively, as a negative or comple- 
mentary pattern to the above-mentioned reflective portions, the apertures can assume various discrete shapes as 

35 descried above. 

[0043] The display device P may suitably comprise a liquid crystal device, examples of which may include: STN- 
type and DSTN-type liquid crystal devices using nematic liquid crystals; active matrix-type liquid crystal devices using 
thin-film transistors or MIM-elements; and ferroelectric liquid crystal devices and anti-ferroelectric liquid crystal devices 
using chiral smectic liquid crystals. 

40 [0044] In the case of a liquid crystal device using a chiral smectic liquid crystal, there has been reported a liquid 
crystal molecular movement resulting in a change in liquid crystal layer thickness and causing a yellow-tinging or a 
display area (U.S. Patent No. 5,381,256). Accordingly, if the spectral characteristic of illumination light is changed to 
have a yellowish tint, the yellow tinging is liable to be enhanced. For this reason, it is preferred to use a backlight device 
of the present invention free from spectral characteristic change in combination with a chiral smectic liquid crystal 

*s device for obviating the above difficulty. 

[0045] In addition to the structure shown in Figure 1, the backlight device according to the present invention may 
preferably further comprise a prism sheet so as to have the direction of light issuance therefrom approach a planar 
normal. In this instance, it is particularly preferred to use a plurality of prism sheets so that their convex surfaces are 
directed toward a display device side as will be described with reference to Figure 8 or use a prism sheet disposed to 

so have its convex surface directed toward a reflecting means 1 0 as will be described with reference to Figure 14. Further, 
it is also possible to provide the reflecting means with a reflecting surface shaped so as to reduce the number of 
reflections, thereat as will be described with reference to Figures 17 and 18, while a shaping step may be additionally 
required thereby. 

[0046] An embodiment of backlight device B, shown in Figure 2 is provided with a rear reflecting plate (reflection 
J5 means) 10 composed of an aluminium plate. The rear reflecting plate 10 has a mirror-finished surface so as to reflect 
light incident thereto. The reflecting plate is integrally formed with reflectors 2 having a concave surface composed 
also of an aluminum plate. In front of the rear reflecting plate 10, a front transmission plate (transmission member) 11 
of a thin transparent acrylic resin plate is disposed with a spacing from and in parallel with the reflecting plate 1 0, so 
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55 



that a space S is defined by the rear reflecting plate 10 and the front transmission plate 11 At the lateral ends (e a 
the parts surrounded ^reflectors 2), three wavelength-^ 

0°047 On TZTT TT S direCt ' y ° r indir6Ct,y after reflec «° n b * the 

21 1 ( 3nd ' ° n '° Wer SUrf3Ce (Le - ° PP ° site t0 ,he rear P'ate 1 0) of the front transmission 

p^te 11, a reflect.on layer 12of, e.g., vapour-deposited 

izzxszszz to form a muititude of apertures 13 ' ° ut ° f wwch ■** - — <° - -;r g s h cr tt 

™ J hk emb ° diment ' the a P ertures 13 are arranged to have an aperture ratio k(x) i e a ratio of an area 
occupy by the apertures 13 per unit region of the front transmission plate 11 at a position disposed a it a distance x 
from the neares fluorescent lamp 1 , which aperture ratio increases with an increase in the dSnce x e a n a r2a~ 
tionship of 1-k(x) = a/x, wherein a is a proportional constant distance x, e.g., in a rela- 

fh°!tn! . H Ab ° V f e , the fr ° nt transmission P ,ate 11 is dis P^ed a transmission-type liquid crystal panel (not shown) so that 
the liquid crystal panel ,s illuminated with the light issued from the backlight device B, 

[0050] When the fluorescent lamp 1 is turned on, light emitted from the fluorescent lamp enters the space S directlv 
or after be,ng reflected by the reflector 2. The light having entered the space is repetitively reacted by th" feJectino 
.ayer 12 and the rear reflection plate 1 0 disposed opposite to each other, so that th space s7unct Lns as aYmlTte 

r t C6 n 3 P °T n ° 1 ^ " 9ht iS ,6aked ° Ut thr ° U9h the a P ertures 1 3 ° f the -fl-L layer 12 and the tenLTnt 
plate 11 to .llum.nate a liquid crystal panel (not shown) disposed above the plate 11 transparent 

[0051] The angle (denoted by "6," in Figure 2) of light incident to the transmission plate 11 becomes smaller as the 

i°ToZ e ::::i *t£ :^r e ? ta r 1 so that ieakage quantity ° f the ^ ^o^z::zz P :z 

ZkZ ??° 1 '. P ra K ,S COnStant ln this emb °diment, however, the aperture ratio k(x) of the 

reflection layer 12 is set to be larger as the distance x increases, so that the leakage light quantises at vanous posit ons 

thTntr t S f y n eqUa '- AS 8 reSU,t P ' anar ' UminanCe distribu,ion of leakage light (il.ulZn ight) Z 

0052, n *hfs e r h H 1 * ^ " impr ° Ved diSpl ^ to the V" crystal pane" ^ 

\, , ? J embodiment, the l.ght-guide member 3 (Figure 21) required in the conventional device is omitted so 

[0053] A second embodiment of the backlight device according to the present invention will now be described with 

num" r 6 h IT" 3 ; Wh6rein ^ identiCa ' t0 fh ° Se Sh ° Wn in Fi 9 Ures 1 and ^ are 4anJl%£^£^ 
numerals and descriptions thereof may be omitted. luenucai rererence 

[0054] In this embodiment, a front surface (opposite to a transmission plate 11 and a reflection laver 12^ nf * r*»r 
reflection plate 10 is provided with a scattering <ayer20. The scattering la'yer 20 may be composed of a printed laye 

l7be flmed in 3 SUCh r ^ " Btan,Um °^ and refecZ ^yer 2 

?Z u /? T,t „ Pa m ° r 3 d ' SCrete d0t Pattem SO as t0 P rovide a multitude "t apertures 21 The aperture 

So ZTSr^TT 'T 1 " tUm6d ° n ' 6mitted ,i9ht iS repetitiVe 'y ref,ected between tb * rear reflecting 
E nnh?h .7 ' " 9ht inddent l ° the SCatterin 9 la V er 20 is reflecte d as scattered light Then 

P056, £ thi? : ^ SCattenn9 " !eaKed ° Ut ^ the a ^»™ 13 «* *• «He«5JX£E 

is set o be Llr t h'T ' S,nl I " 35 PreVi ° US embodiment - »» aperture ratio k(x) of the reflection layer 1 2 
variou™ « 9 k anCe ~ m fluorescent ,amp 1 bec °™e S "arger, so that the ieakage light quantities at 

vanous positions become almost equal. As a result, the leakage light (illumination light) from the backlight dev,ce f 

crystarpane, ^ 3 ^ ^ diStribUW ° n ' thereby an im P- ed disp.ay quSily to t Nqu^d 

[0057] Further, in this embodiment, light in the space S is scattered by the scattering layer 20 formed on the surface 
of the rear reflecting plate 10. As a result, even if the incident angle e 2 of light incident to the seating laye^ ^0 is 
small, the light scattered from the scattering <ayer20 can enter the fronUransparent plate 11 aLZgerZZ!nZ 
e 3 , so that the mcident angle e 3 can be uniform and less dependent on the distance from the1^3J!j?i^!5 
leakage light quantities at vanous positions become a.most uniform because of such unlfam,to^S3S«i3? 

ss:;s^::; s~ the — ^ (i ™ -« - — d - 

S „ ' n r n H "T« ( ° r Sd f " ,/Pe) baCkM9ht deViCS ,ike Us en *odiment, the incident light angle 9 2 becomes smaller 
as the position ,s left away from the fluorescent lamp 1 . However, in this embodiment, ie aperturf ^o k!(x) of he - 
scattenng layer ,s set to be smaller so as to provide a larger occupation areal ratio (1-k l( x)) of me Tcattenng ler 20 
as the position ,s left away from the fluorescent lamp 1. As a result, light having a sma er incSent angle 6 S 
frequently scattered. Then, the scattered light is incident to the transmission plate 11 at a i™ T^ZmTZ 
be more readily leaked out through the apertures 13 of the reflection layer 2. As a resulf a^STcSSIi at 
vanous pos.tions of the backlight device is uniformed, so that the planar luminance dist ibution'of he lea agel gh 



5 



EP1 139 013 A2 

(illumination light) becomes uniformized to provide an improved display quality. Thus, the backlight device can exhibit 
an improved performance for a larger area display apparatus. 

[0059] A third embodiment of the backlight device according to the present invention will now be described with 
reference to Figure 4, wherein parts identical to those shown in Figures 1 to 3 are denoted by ident.cal reference 
5 numerals and descriptions thereof may be omitted. 

[0060] In this embodiment, a front surface (upper surface) of a rear reflection plate 10 is prov.ded w.th a W4 plate 

30 for effecting plarization conversion between an s-polarization component (light component having an electric field 
component perpendicular to the drawing sheet of Figure 4) and a p-polarization component (light component having 
an electric field component parallel to the drawing sheet of Figure 4), and a lower surface of a front transmission plate 

ro 11 is provided with a polarization beam splitter layer 31 of an optical multi-layer film, which allows the transmission of 
only the P -polarization component and reflects the s-polarization component. In this embodiment, a liquid crystal panel 
(not shown) disposed above the plat 11 is designed to receive the p-polarized light as illumination light. 
0061] When the fluorescent lamp 1 is turned on, emitted light is repetitively reflected between the rear reflec mg 
plate 10 and the polarization beam splitter layer 31, and a p-polarization component of the light incident to the polan- 

15 zation beam splitter layer 31 is transmitted through the layer 31 and the front transmission plate 11 to be leaked out- 
wards On the other hand, the remaining s-polarization component is reflected by the polarization beam splitter layer 

3 1 and then incident to and reflected by the rear reflection plate 1 0 where the s-polarization is converted to p-po anza ion 
because it passes twice the X/4 plate 30. The resultant p-polarization component is transmitted through the polarization 
beam splitter layer 31 and the front transmission plat 11 to be leaked outwards. 

20 [0062] As the liquid crystal panel is designed to receive a p-polarized light in this embodiment, the illumination effi- 
ciency of the backlight device can be remarkably improved. 

[0063] Next a fourth embodiment of the backlight device according to the present invention will be descnbed with 
reference to Figure 5 wherein parts identical to those shown in Figure 4 are denoted by identical reference numerals 
[0064] In this embodiment, a front transmission plate 11 is composed of a transparent glass plate and the front 

25 surface of the front transmission plate 11 is provided with a reflection layer 12. Further, between a rear reflect.on plate 
10 and a A/4 plate 30, a scattering layer 20 is disposed. The reflection layer 12 is formed in a dot pattern or a mesh 
pattern so as to have an aperture ratio k(x) increasing with an increase in distance from the fluorescent lamp 1 similarly 
as in the first embodiment, and the scattering layer 20 is formed in a dot or mesh pattern so as to provide a prescribed 
aperture ratio Mx) similarly as in the second embodiment. 

30 [0065] When the fluorescent lamp 1 is turned on, an s-polarization component is reflected by a polarization beam 
splitter layer 31 and is then reflected by a rear reflection plate 10 where it is converted into a p-polarizat.on component 
On the other hand a p-polarization component is transmitted through the polarization beam splitter 3 1 , a portion thereof 
is leaked out of the apertures 13 to illuminate a liquid crystal panel (not shown) disposed above, and the remaining 
portion thereof is reflected by the reflection layer 12 to enter the space S again. The portion of the p-polanzat,on 

35 component reflected by the reflection layer 1 2 is converted into an s-polarization component when it is reflected by the 
rear reflection plate 10. The s-polarization component is again reflected by the polarization beam splitter layer 31 and 
the rear reflection plate 10, where it is again converted into a p-polarization component allowed to be leaked outwards 
similarly as the above for illuminating the liquid crystal panel. 

[0066] As the aperture ratio k(x) of the reflection layer 12 is set to be larger as the distance x from the fluorescen 
40 lamp 1 increases, the light leakage quantities at various positions become almost equal, so that the leakage light 
(illumination light) from the backlight device is caused to have a uniform planar luminance distribute, thereby providing 
an improved display quality to the liquid crystal panel. 

[0067] Further as light from the fluorescent lamp 1 is scattered by the scattering layer 20, the illumination light angle 
characteristic is uniformized regardless of the distance from the fluorescent lamp 1 and the leakage light quantities at 
45 various positions are made almost equal, so that the planar luminance distribution is uniformized also >n th.s respect 
to provide an improved display quality of the liquid crystal panel. 

[00681 Further, as the aperture ratio k,(x) of the scattering layer 20 is set to be smaller as the distance x from the 
fluorescent lamp 1 increases, a fraction of light incident at a smaller incident angle e 2 is more easily scattered, so that 
the leakage light quantities from various positions of the backlight device are equalized also in this respect, leading to 
so a uniform planar luminance distribution of the backlight device B 4 and an improved display quality of the liquid crystal 

P069] Further, by disposing the liquid crystal panel so as to receive p-polarized light, the utilization efficiency of the 
backlight illumination light can be remarkably improved. 

[0070] While no particular explanation has been made regarding the above-mentioned embodiments, it is possible 
55 to provide the upper surface of the front transmission plate 1 1 with a diffusion treatment or dispose a separate diffusion 
plate on the upper surface. Particularly, in the fourth embodiment (Figure 5), it is possible to dispose a diffusion plate 
above the reflection layer 12, whereby light issued from the front transmission plate 11 is diffused to alleviate an light 
intensity distribution due to a dot-pattern or mesh-pattern arrangement of the reflection layer 12, so as to moderate 
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the pattern of the reflection layer 12. 

[0071] In the embodiments of Figures 2 - 5, only the fluorescent lamp 1 is indicated but it is possible to dispose an 
additional fluorescent lamp at a position opposite to the fluorescent lamp 1 so as to dispose the reflection plate 1 0 and 
the transmission plate 11 between the resultant pair of fluorescent lamps similarly as shown in Figure 1. Further, the 
s number of fluorescent lamps is not limited to 2 but may be 4 so as to surround the space S. By this arrangement, it is 
possible to provide a backlight device with an increased luminous intensity. 

[0072] Further, in the fourth embodiment (Figure 5), the reflection layer 12 is disposed on the upper surface of the 
front transmission plate but this is not limitative. For example, a reflection layer may also be disposed on a lower surface 
(confronting with the X/4 plate 30) of the front transmission plate 11. 
10 [0073] Next, a fifth embodiment will now be described, which is a modification of the first embodiment wherein the 
aperture ratio of the reflection layer 12 is changed in a manner described hereinafter. 

[0074] Regarding the aperture ratio distribution of a reflection layer 12, we have made an examination of three types 
as shown in Figure 6 wherein a curve a representing a linear relationship, a curve y representing a hyperbolic relation- 
ship and a curve (i representing a relationship intermediate therebetween (with respect to a left half of a laterally 

15 symmetrical structure), wherein the abscissa represents a distance x from a lamp 1 and the ordinate represents an 
aperture ratio Ap of the reflection layer 12. More specifically, in this instance, a structure as shown in Figure 2 was 
supplemented with a symmetrical right half so that two fluorescent lamps were disposed at both lateral sides between 
which a light-guide space S was disposed. As a result, luminance distributions as shown in Figure 7 were obtained for 
the respective cases (only left halves being indicated). The results show that the relationship p representing an inter- 

2° mediate function between a linear one and a hyperbolic one regarding a distance x and an aperture ratio thereat, 
resulted in a best uniformity of luminance distribution. However, the linear relationship a and the hyperbolic relationship 
y could also be regarded as practically acceptable without providing a detrimental difference. 

[0075] As described above, according to the first to fifth embodiments of the present invention, it has been possible 
to provide a backlight device which is light and excellent in portability. 
25 [0076] Further, by adopting an arrangement allowing repetitive reflection of light between a reflection means and a 
reflection layer, so as to have the light leak out of apertures formed in the reflection layer, it has become possible to 
provide a backlight device which provides a uniform planar luminance distribution even without a light-guide member, 
is light and is excellent in portability. 

[0077] Further, in case where the apertures in the reflection layer are arranged to have an aperture ratio which 
30 increases with an increase in distance from a light source, the light leakage quantities at respective positions are 

substantially equalized to provide a uniform planar luminance distribution of leakage light (illumination light). 

[0078] Further, in case where the reflection means is provided with a scattering layer for scattering and reflecting 

light incident thereto, the angle characteristic of issued light can be uniformized to equalize the leakage light quantities, 

thereby providing a uniform planar luminance distribution of illumination light. 
35 [0079] Further, in case where the scattering layer is provided with a multitude of apertures providing an aperture 

ratio which decreases with an increase in distance from the light source, a light fraction having a smaller incident angle 

is subjected to a promoted scattering to increase the light leakage through the apertures of the reflection layer thereat. 

This also promotes the equalization of leakage lights from the backlight device leading to a uniform planar luminance 

distribution of illumination light. 

40 [0080] Further, in case where emitted light is reflected between a polarization beam splitter layer and a reflection 
means and only one type of polarization component (e.g., p-polarization component) is allowed to issue as illumination 
light, the utilization efficiency of illumination light can be remarkably increased. 

[0081] Further, by using a backlight device described above for illuminating a liquid crystal display device, it is possible 
to provide an information transmission apparatus or display apparatus with excellent display quality. 
45 [0082] A sixth embodiment of the present invention will be described with reference to Figures 8 - 12. 

[0083] A backlight device B according to this embodiment includes the fluorescent lamps 1 as linear light sources, 
which are disposed opposite to each other with a spacing therebetween and so as to be covered with reflectors 2 as 
shown in Figure 9. 

[0084] A rear reflecting plate (first reflection means) 1 0 is disposed integrally with the reflectors 2, which are integrally 
so composed of an aluminum plate so as to reflect emitted light from the fluorescent lamps 1. A front transmission plate 
11 is disposed in parallel with the rear reflection plate 10. The front transmission plate 11 may be composed of a 
relatively thin transparent acrylic resin plate. Further, on the lower surface of the front transmission plate 1 1 , a reflection 
layer (second reflection means) 12 is disposed opposite to the rear reflecting plate 10 with a space S therebetween. 
The reflection layer 12 may be formed of, e.g., a vapor-deposited aluminum film in a mesh or dot pattern so as to 
provide apertures designed to have a prescribed aperture ratio distribution. The aperture ratio of the apertures is de- 
signed to increase with an increase in distance from the nearest fluorescent lamp 1. More specifically, the aperture 
ratio Ap is designed to satisfy a relationship represented by a curve (3 in Figure 10 which is intermediate between a 
linear relationship a and a parabolic relationship 7 in Figure 10, with respect to the distance x from the lamp 1 . 
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[0085] Thus, the fluorescent lamps 1 are disposed to emit light toward a prescribed space S formed between the 
rear reflection plate 1 0 and the reflection layer 12. The space S functions as a light-guide space for directing the emitted 
light from the fluorescent lamps 1 upwards in the drawing. Further, as the reflection layer 12 is formed to provide an 
aperture ratio as described above, a portion of light L1 (Figure 8) is transmitted through the reflection layer 12 and the 
remaining portion of light L2 is reflected toward the rear reflection piate 10. 

[0086] On the other hand, above the front transmission plate 11, two prism sheets (prism means) 16 and 17 provided 
with a multitude of prism elements each having an apex angle of 90 degrees. The prism elements are disposed so that 
their ridges providing apex angles extend in parallel with the longitudinal direction of the fluorescent lamp 1 and the 
apex angles are disposed on a reverse side (upwards) with respect to the rear reflection plate 1 0 of the transmission 
plate 11. Above the prism sheets 16 and 17, a liquid crystal panel (not shown) to be illuminated is disposed. 
[0087] Based on the above-described structure, when light is emitted from a lamp 1 , the emitted light is repetitively 
reflected between the rear reflecting plate 10 and the reflection layer 12 to proceed in the space S. Then, a portion of 
light L1 is transmitted through the apertures 13 having a prescribed aperture ratio in the reflection layer 12 and is further 
transmitted through the prism sheets 16 and 17 to be issued in a direction deflected toward a normal to the prism 
sheets 16 and 17. In this instance, the leakage light quantities at various positions of the reflection layer 12 are adjusted 
by the aperture ratio distribution therein to provide illumination light having a uniform planar luminance distribution. 
[0088] In this embodiment, the prescribed space S formed between the rear reflection plate 10 and the reflection 
layer 1 2 is utilized as a light-guide space to omit a thick acrylic resin plate conventionally used, the backlight device is 
decreased in weight by that much. 

[0089] In this embodiment, as an acrylic resin plate functioning as a light-guide member is not used, even a light 
component having a large emission angle is allowed to be emitted through the transmissions plate 11 without causing 
total reflection. In this embodiment, as the two prism sheets 16 and 17 are used, however, the light L1 transmitted 
through the transmission plate 11 is defectively emitted in a direction deflected toward a normal to the prism sheets 
16 and 17, so that the viewing angle characteristic (or light emission angle characteristic) of the backlight device is 
improved. More specifically, in case of a single prism sheet, the luminance distribution of light from a backlight device 
assumes peaks at emission angles (viewing angles) of +60 °- as shown in Figure 11 A, thus showing an insufficient 
light-condensing performance and failing to provide an improved viewing angle characteristic. In case of using two 
prism sheets as in this embodiment, however, the light-condensing performance is improved to provide an improved 
viewing angle characteristic as shown in Figure 11 B. 

[0090] Also in this embodiment, the aperture ratio distribution in this embodiment is set as represented by a curve 
P in Figure 10, and a uniform luminance distribution as represented by a curve p in Figure 12 can be attained. 
[0091] A seventh embodiment of the present invention will now be described with reference to Figure 13. 
[0092] A backlight device B according to this embodiment is provided with one prism sheet (prism means) 21 having 
a multitude of prism elements each having an apex angle of 60 degrees thereon. The prism elements are disposed so 
that their ridges providing the apex angles extended in parallel with the longitudinal direction of the fluorescent lamp 
1 and the apex angles are directed upwards (toward a liquid crystal panel (not shown) and against the rear reflection 
plate 10). 

[0093] The reflection layer 12 is similarly set to have an aperture ratio distribution represented by a curve p in Figure 
10, and the other arrangements are also similar to those adopted in the previous sixth embodiment. 
[0094] In this embodiment, as no acrylic resin plate functioning as a light-guide member is used, even a light com- 
ponent having a targe emission angle is allowed to be transmitted through the transmission plate 11 toward the liquid 
crystal panel disposed thereabove without total reflection. In this embodiment, however, the prism sheet 21 having an 
apex angle of 60 degrees is used, so that light L1 transmitted through the transmission plate 1 1 is refractively deflected 
in a direction deviated toward a normal to the prism sheet 21, so that the viewing angle characteristic of the backlight 
device is improved similarly as in the previous sixth embodiment. Further, as a single prism sheet is used in this em- 
bodiment, the cost and the weight of the backlight device are reduced. 

[0095] Similar effects as in the previous embodiment are attained in this embodiment. More specifically, the space 
S formed between the rear reflection plate 10 and the reflection layer 12 is utilized as a light-guide space to omit a 
thick acrylic resin plate conventionally used as a light-guide member, so that the weight is reduced by that much. 
Further, as the aperture ratio distribution in the reflection layer 12 in this embodiment is set to satisfy the curve p in 
Figure 10, the resultant planar luminance distribution becomes uniform as represented by the curve p in Figure 12. 
[0096] An eighth embodiment of the present invention will now be described with reference to Figures 14 and 15. 
[0097] A backlight device B according to this embodiment is provided with one prism sheet (prism means) 311 having 
a multitude of prism elements each having an apex angle of 60 degrees thereon as shown in Figure 14. The prism 
elements are disposed so that their ridges providing the apex angles extended in parallel with the longitudinal direction 
of the fluorescent lamp 1 and the apex angles are directed downwards (toward the front transmission plate 1 1 and the 
rear reflection plate 10). 

[0098] The reflection layer 12 is similarly set to have an aperture ratio distribution represented by a curve p in Figure 
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1 0, and the other arrangements are also similar to those adopted in the previous sixth embodiment 
[0099] In this embodiment, as no acrylic resin plate functioning as a light-guide member is used, even a light com- 
ponent having a large emission angle is allowed to be transmitted through the transmission plate 11 toward the liquid 
crystal panel disposed thereabove without total reflection. In this embodiment, however, the prism sheet 311 having 
an apex angle of 60 degrees directed downwards is used, so that light L1 transmitted through the transmission plate 
11 is deflected and emitted in a direction close to a normal to the prism sheet 31 1 , so that the viewing angle characteristic 
of the backlight device is improved as shown in Figure 15. This is because light transmitted through the front trans- 
m.ssion plate 11 is totally reflected at surfaces near the apexes of the prism sheet 31 1 and deflected toward the normal 
to the pnsm sheet 311. Further, as a single prism sheet is used in this embodiment, the cost and the weight of the 
backlight device are reduced. 

[0100] Similar effects as in the previous sixth embodiment are attained in this embodiment. More specifically the 
space S formed between the rear reflection plate 1 0 and the reflection layer 12 is utilized as a light-guide space to omit 
a thick acrylic resin plate conventionally used as a light-guide member, so that the weight is reduced by that much 
Further, as the aperture ratio distribution in the reflection layer 12 in this embodiment is set to satisfy the curve 3 in 
Figure 10, the resultant planar luminance distribution becomes uniform as represented by the curve B in Figure 12 
[0101] Inadentally, while no particular description has been made regarding the above-mentioned sixth to eighth 
embodiments, it is possible to provide the upper surface of the front transmission plate 11 with a diffusion treatment 
whereby a uniform luminance of illumination light can be attained regardless of the aperture pattern of the reflection 
layer 12. Further, in addition to or in place of such a diffusion treatment to the upper surface of the front transmission 
plate 11, it is also possible to dispose a diffusion plate or sheet on the front transmission plate 11 or the upper prism 
sheet 17. Further, it is also possible to dispose a diffusion means 61, such as a diffusion plate or sheet between the 
two pnsm sheets 16 and 17 as shown in Figure 16. By this arrangement, it becomes possible to alleviate a moire 
pattern caused by superposition of the two prism sheets 16 and 17. 

[0102] In the above sixth to eighth embodiments, a pair of fluorescent lamps 1 are disposed opposite to each other 
but this is of course not limitative. For example, it is possible to dispose a fluorescent lamp 1 on one side of the light- 
guide space S and dispose a reflection plate on the other side opposite to the fluorescent lamp 1 . By this arrangement 
the backlight device can be reduced in size and weight. In the above embodiments, two fluorescent lamps 1 are used' 
but four fluorescent lamps can be used so as to surround the light-guide space S. In this case, however it is preferred 
to d.spose two prism sheets in superposition so that the prism ridges on one prism sheet extend longitudinally (in the 
thickness of the drawing sheet as shown) and the prism ridges on the other prism sheet extend laterally i e the prism 
ridges on the prism sheets cross each other at right angles. In this case, it is also preferred that the aperture ratios in 
the reflection layer 12 are caused to have a two-dimensional distribution. By this arrangement it is possible to easily 
accomplish a further luminance increase. 

[0103] In the above sixth to eighth embodiments, the aperture ratio of the reflection layer 12 is setto have a distribution 
represented by the curve B in Figure 10, but this is not limitative. For example, the aperture ratio distribution can be 
linear as represented by a curve a in Figure 1 0 or parabolic as represented by a curve y in Figure 1 0 In either case 
a substantially uniform planar luminance distribution can be attained as shown by curves a and y in Figure 12 
[0104] In the above seventh and eighth embodiments (Figures 13 and 14), the prism sheets having a prism apex 
angle of 60 degrees are used, but the apex angle can be any angle below 90 degrees, preferably in the ranqe of 50 - 
70 degrees. 

[01 05] According to the above sixth to eighth embodiments, light emitted from a linear light source is caused to enter 
a space formed between first and second reflection means where no light-guide member like that of a thick acrylic 
resin plate .s disposed. Accordingly, the backlight device can be reduced in weight by omission of such a light-guide 
member. 3 M 

[01 06] The light transmitted through (the apertures of) the second reflection means is deflected into a direction which 
is closer to a normal to the prism means, whereby the viewing angle characteristic of the backlight device can be 
improved. 

[01 07] The viewing angle characteristic is further improved in case where plural sheets of prism means are used 
[01 08] Further, if a diffusion means is inserted between such plural sheets of prism means, a moire pattern caused 
by superposition of plural prism means can be alleviated. 

[0109] Further, even in case of a single prism means, an improved viewing angle characteristic can be attained if 
the apex angle is made smaller than 90 degrees, preferably in the range of 50 - 70 degrees. In this case if the prism 
means .s disposed so that their apexes are directed toward the first reflection means (i.e., against the illumination - 
object), the viewing angle characteristic is further improved. 

[0110] Further, if the second reflection means is provided with apertures designed to have a distribution of aperture 
ratio which increases with an increase in distance from a linear light source, e.g., in a relationship of a linear, a parabolic 
or an intermediate therebetween, the planar luminance distribution of the backlight device can be uniformized 
[0111] By using a backlight device as described above, it is possible to provide a liquid crystal display apparatus 
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which is lighter in weight and excellent in display qualities. 

[0112] Figure 1 7 is a sectional view of a ninth embodiment of the backlight device according to the present invention. 
Referring to Figure 17, a backlight device includes a pair of linear light sources 1, reflectors 2, a rear reflection plate 
10 and a front transmission plate 11 of a relatively thin acrylic resin plate. The reflectors 2 and the rear reflection plate 
1 0 are composed integrally of an aluminum plate mirror-finished by a vapor-deposited Ag film. The rear reflection plate 
10 is shaped to have a projecting or rising center (ridge) as shown. As a result, a space S defined between the rear 
reflection plate 10 and the front transmission plate 11 is caused to have a narrower spacing than at the lateral parts in 
the neighborhood of the light sources 1, and the space S functions as a light-guide space for guiding emitted light from 
the light sources 1 laterally. An upper side 88 of the front transmission plate 11 functions as an illumination surface, 
above which a liquid crystal panel P is disposed. The lower surface of the front transmission plate 11 is provided with 
a reflection layer 12 of vapor-deposited Al in a mesh or dot pattern having a prescribed aperture ratio, which may be 
referred to as a so-called lighting curtain. The aperture ratio is designed to increase with an increase in distance from 
the nearest light source 1. An entire structure of the backlight device is laterally almost symmetrical with two light 
sources 1 on lateral sides of the light-guide space S as shown in Figure 17. 

[01 1 3J As a result of the above-described arrangement emitted light from the light sources 1 is repetitively reflected 
by the rear reflection plate 10 and the reflection layer 12 to proceed toward the center of the light-guides space S. 
Particularly, in this embodiment, the central portion of the rear reflection plate 1 0 is projected upwards, so that a portion 
of the emitted light from the light sources 1 is allowed to reach the center of the light-guide space S by a single reflection 
at the rear reflection plate 10. In the process of propagation through the light-guide space S, the light is allowed to leak 
upwards through the apertures in the reflection layer 12, and the resultant leakage light functions as illumination light. 
Thus, in this embodiment, compared with the previous embodiments, the emitted light reaches the center of the light- 
guide space S in a smaller number of reflections to be utilized as illumination light, so that the illumination light is less 
affected by the spectral reflection characteristics of the rear reflection plate 10 and the reflection layer 12 to alleviate 
color irregularity or deviation between the central part and the peripheral part of the backlight device. 
[01 14] The illumination light quantities at respective positions are adjusted by an aperture ratio distribution in the 
reflection layer 11, which may preferably be set to have an increasing aperture ratio with an increase in distance from 
the edges of the light-guide space S on the light source sides toward the center of the space S. Further, it is also 
possible to dispose a diffusion plate or sheet separately above the front transmission plate 11 so as to observe the 
pattern of the reflection layer 12 liable to appear on the illumination surface. 

[01 1 5] The backlight device of this embodiment has a laterally symmetrical arrangement as shown in Figure 17 and 
two light sources are disposed on laterally opposite sides of the light-guide space. It is, however, possible to dispose 
a light source only on a left side of the light-guide space by disposing a reflection means on the right side so as to be 
opposite to the reflector on the left side. This arrangement may rather be more suitable for a small-size backlight device. 
On the other hand, it is also possible to dispose light sources on peripheral four sides of the light-guide space by 
developing the above-described arrangement laterally (as shown) and also longitudinally (in the direction of thickness 
of the drawing sheet). In this case, it is preferred that the aperture ratios in the reflection layer 12 are also caused to 
have a two-dimensional distribution. Further, in place of the front transmission plate 11 of an acrylic resin plate having 
the reflection layer 12, it is also possible to use a PET sheet having an Al reflection layer, i.e., a so-called lighting 
curtain, so as to attain a similar function. 

[0116] Figure 18 is a sectional view of a tenth embodiment of the backlight device according to the present invention. 
Referring to Figure 1 8, a backlight device includes a pair of linear light sources 1 , reflectors 2, a rear reflection plate 
10 and a front transmission plate 11 of a relatively thin acrylic resin plate. The reflectors 2 and the rear reflection plate 
1 0 are composed integrally of an aluminum plate mirror-finished by a vapor-deposited Ag film. The rear reflection plate 
10 is shaped to have a projecting or rising center (ridge) as shown. As a result, a space S defined between the rear 
reflection plate 1 0 and the front transmission plate 11 is caused to have a narrower spacing than at the lateral parts in 
the neighborhood of the light sources 1 , and the space S functions as a light-guide space for guiding emitted light from 
the light sources 1 laterally. An upper side 88 of the front transmission plate 11 functions as an illumination surface, 
above which a prism sheet 31 is disposed. The prism sheet 31 is provided with a multitude of prism elements forming 
ridges extending parallel with the longitudinal direction of the light sources 1 and having apexes directed downwards 
(toward the front transmission plate 11. Above the prism sheet 31, a liquid crystal panel P is disposed as an object to 
be illuminated. The lower surface of the front transmission plate 11 is provided with a reflection layer 12 of vapor- 
deposited Al in a mesh or dot pattern having a prescribed aperture ratio. The aperture ratio is designed to increase 
with an increase in distance from the nearest light source 1 . An entire structure of the backlight device is laterally almost 
symmetrical with two light sources 1 on lateral sides of the light-guide space S as shown in Figure 18. 
[0117] As a result of the above-described arrangement, emitted light from the light sources 1 is repetitively reflected 
by the rear reflection plate 10 and the reflection layer 12 to proceed toward the center of the light-guides space S. 
Particularly, in this embodiment, the central portion of the rear reflection plate 1 0 is projected upwards, so that a portion 
of the emitted light from the light sources 1 is allowed to reach the center of the light-guide space S by a single reflection 
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at the rear reflection plate 1 0. In the process of propagation through the light-guide space S, the light is allowed to leak 
upwards through the apertures in the reflection layer 12, and the resultant leakage light functions as illumination light, 
wherein the illumination light quantities at respective positions are adjusted by an aperture ratio distribution in the 
reflection layer 12, which may preferably be set to have an increasing aperture ratio with an increase in distance from 

5 the edges of the light-guide space S on the light source sides toward the center of the space S. The portion of light 
emitted through the front transmission plate 11 mostly have a large emission angle of around 60 degrees {with respect 
to a normal to the front transmission plate 11 but may be totally reflected at a prism surface on the prism sheet 31 to 
be deflected toward a frontal direction of the illumination surface. In this instance, the prism apex angle may preferably 
be around 60 degrees. Further, it is also possible to dispose a diffusion plate or sheet separately between the front 

10 transmission plate 11 and the prism sheet 31 or above the prism sheet 31 so as to observe the pattern of the reflection 
layer 12 liable to appear on the illumination surface. 

[0118] Thus, in this embodiment, compared with the previous embodiments, the emitted light reaches the center of 
the light-guide space S in a smaller number of reflections to be utilized as illumination light, so that the illumination 
light is less affected by the spectral reflection characteristics of the rear reflection plate 10 and the reflection layer 12 
is to alleviate color irregularity or deviation between the central part and the peripheral part of the backlight device. Further, 
as a prism sheet 31 having the above-described function is added, the luminance in the frontal direction is remarkably 
increased. 

[0119] The backlight device of this embodiment has a laterally symmetrical arrangement as shown in Figure 18 and 
two light sources are disposed on laterally opposite sides of the light-guide space. It is, however, possible to dispose 

20 a light source and a light-transmissive sheet member only on a left side of the light-guide space by disposing a reflection 
means on the right side so as to be opposite to the reflector on the left side. This arrangement may rather be more 
suitable for a small-size backlight device. On the other hand, it is also possible to dispose light sources on peripheral 
four sides of the light-guide space by developing the above-described arrangement laterally (as shown) and also lon- 
gitudinally (in the direction of thickness of the drawing sheet). In this case, it is preferred to dispose two prism sheets 

25 in superposition so that the prism ridges on one prism sheet extend longitudinally (in the thickness of the drawing sheet 
as shown) and the prism ridges on the other prism sheet extend laterally, i.e., the prism ridges on the prism sheets 
cross each other at right angles. In this case, it is also preferred that the aperture ratios in the reflection layer 12 are 
caused to have a two-dimensional distribution. Further, in place of the front transmission plate 11 of an acrylic resin 
plate having the reflection layer 12, it is also possible to use a PET sheet having an Al reflection layer, i.e., a so-called 

30 lighting curtain, so as to attain a similar function. 

[0120] Figures 22 and 23 are respectively a plan view showing a preferred reflection layer pattern (aperture pattern) 
used in the present invention. 

[0121] The X-Y coordinates in these figures correspond to that shown in Figure 1, and a larger x represents a larger 
distance from a light source 1. In these figures, the reflection layer pattern (aperture pattern) is depicted only one- 

35 dimensionally in the X-direction but actually the pattern may be repeated in the Y direction. 

[0122] The reflective layer patterns shown in Figures 22 and 23 respectively include a sub-pattern 12a and a sub- 
pattern 12b. The sub-pattern 12a comprises a continuous masking layer (shown with a hatching, illustrated as discrete 
square patterns for convenience of illustration but may actually constitute a continuous layer) and discrete apertures 
having an aperture ratio increasing with an increase in X-coordinate. The sub-pattern 12a is suitable for providing 

40 aperture ratios in a range of, e.g., 0-50 %. The sub-pattern 12b is a negative (or complementary) pattern with respect 
to the sub-pattern 12a, i.e., comprises discrete masking layers and a continuous aperture (or opening) area surrounding 
the masking layers. The sub-pattern 12b is suitable for providing aperture ratios in the range of, e.g., 50 - 1 00 %. It is 
clear that the boundary aperture ratio for selection of the sub-patterns 12a and 12b is not necessarily 50 %. 
[0123] In case where a pair of light sources 1 are used as shown in Figure 1 , the patterns of Figures 22 and 23 may 

45 be formed laterally symmetrically with a line (extending longitudinally) of aperture ratio of 1 00 % at the center 

[0124] Some sample backlight devices for a display panel having a diagonal size of 15 inches were prepared and 
evaluated in the following manner. 

[0125] More specifically, sample devices a - d were prepared to have structures corresponding to Figures 2, 13, 8 
and 14, respectively, and provided with white fluorescent lamps 1 each having a broad spectral characteristic over the 

50 regions of R, G and B. .. 

[0126] Sample devices were prepared similarly to have structures corresponding to Figures 2, 13, 8 and 14, respec- 
tively, but provided with three wavelength-type white fluorescent lamps 1 each having a spectral characteristic showing 
steep peaks in the three wavelength regions of R, G and B, respectively, instead of the above white fluorescent lamps 
having a broad spectral characteristic. 

55 [0127] Eight sample devices prepared in the above-described manner were evaluated with respect to the following 
four items. 
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(1) Planar uniformity of illumination light 

[0128] The luminance was measured at a large number of points on the light emission surface of the device so as 
to evaluate the uniformity of luminance of illumination light. More specifically, the difference between the maximum 
luminance and the average luminance was obtained, and the reciprocal of the difference was used for evaluation. 

(2) Viewing angle characteristic 

[0129] The luminance change of illumination light was evaluated at various viewing positions. More specifically, a 
luminance-viewing angle characteristic curve a shown in Figures 11 and 1 5 was obtained to measure a half-width value 
(degree). The reciprocal of the half-width value was used for evaluation. 

(3) Color reproducibility 

[0130] A chiral smectic liquid crystal display panel and a twisted nematic liquid crystal active matrix-type display 
panel were respectively illuminated with a sample device to evaluate whether the color reproducibility was uniform 
within the display panel. More specifically, a triangle having three corners representing R, G and B was depicted on a 
CIE color coordinate system and the area of the triangle was measured. The area representing a measure of color 
reproducing ability was used for evaluation. 

[0131] Regarding the above items (1) - (3), the same evaluation was made in parallel by using backlight devices 
having a conventional structure as shown in Figure 21 to provide a normalized standard of 1.0. For each item, the 
sample devices were judge as "Cfora normalized value of 1.0 - 1.1, "B" for 1.2-1.5 and "A" for 1.6 or larger. 

(4) Overall evaluation 

[0132] Ten panelists were selected at random from ordinary display apparatus users and separately asked to select 
best three samples which they judged to provide excellent display qualities, among the eight sample devices. 
[0133] The sample devices were judged as "A" if all the ten panelists judged to be excellent, "C" if no one judged to 
be excellent, and "B" for an intermediate judgment. 

[0134] The evaluation results are inclusively shown in the following table. 
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[0135] Finally, a data transmission apparatus 400 including a backlight device B as described above will now be 
described with reference to Figure 19. 

[0136] Referring to Figure 19, the data transmission apparatus 400 includes a liquid crystal panel (display device) 
P so as to display various data or information by the panel P. As is known, such a liquid crystal panel includes a pair 
of oppositely disposed substrates, and a liquid crystal disposed between the substrates. The pair of substrates are 
provided with scanning electrodes and data electrodes so as to form an electrode matrix. 

[0137] The liquid crystal panel P is connected to a scanning signal application circuit 402 and a data signal trans- 
mission circuit 403, which are in turn further connected to a scanning signal control circuit 404 and a data signal control 
circuit406, a drive control circuit 405 and a graphic controller 407, sequentially. In operation, data and scanning scheme 
signals are supplied from the graphic controller 407 via the drive control circuit 405 to the scanning signal control circuit 
404 and the data signal control circuit 406, where the data are converted into address data and display data and the 
other scanning scheme signals are sent as they are to the scanning signal application circuit 402 and the data signal 
application circuit 403. The scanning signal application circuit 402 applies a scanning signal having a waveform de- 
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termined by the scanning scheme signals to a scanning electrode determined by the address data, and the data signal 
application circuit 403 applies data signals having waveforms determined by both display contents of white or black 
based on the display data and the scanning scheme signals. 

[0138] Next, a liquid crystal display apparatus 50 provided with a backlight device 10 as described above will now 
be descried with reference to Figure 20. 

[01 39] A liquid crystal display apparatus 50 is provided with a backlight device according to any one of the above- 
descried embodiments. The backlight device 10 is connected to a backlight lighting circuit (backlight drive means) 51 
so as to drive the backlight device 10. In front of and opposite to the backlight device 10 is disposed a liquid crystal 
panel P, which comprises a pair of oppositely disposed glass substrates provided with scanning electrodes and data 
electrodes, and a ferroelectric liquid crystal disposed between the glass substrates. The scanning electrodes and data 
electrodes are connected to X-drivers 52 and a Y-driver 53, respectively, which in turn are corrected to a panel drive 
controller (liquid crystal device drive means) 55. The panel drive controller 55 and the backlight lighting circuit 51 are 
connected to a power supply unit 56 so as to supply powers. Further, panel drive controller is connected to a host 
computer (not shown) to be supplied with display signals. On the other hand, based on the display signals, the panel 
drive controller 55 supplies signals to the liquid crystal panel P via the drivers 52 and 53. Further, the panel drive 
controller 55 supplies ON/OFF signals and lighting control signals to the backlight lighting circuit 51, which drives the 
backlight device 1 0 based on such signals. 



2° Claims 

1. A backlight device, comprising: 

reflection means for reflecting light; 
25 a transmission member disposed opposite to the reflection means so as to form a space from the reflection 

means; and 

a light source disposed to emit light into the space, so that light issued from the light source into the space 
shall be reflected by the reflection means and transmitted through the transmission member; 
wherein the device further comprises at least one sheet of prism means disposed on a side of the transmission 
30 member opposite to the reflection means, so that the light transmitted thorough the transmission member is 

further transmitted through the prism means while being deflected in a direction deviated toward a normal to 
the transmission member. 

2. A backlight device according to claim 1, wherein said prism means is provided in plural sheets 

35 

3. A backlight device according to claim 2, wherein a diffusion means is interposed between the plural sheets of the 
prism means. 

4. A backlight device according to claim 1, wherein a single sheet of the prism means is provided 

40 

5. A backlight device according to claim 1 , wherein said prism means is disposed so that the prism ridges have apex 
angles directed away from the first reflection means. 

6. A backlight device according to claim 1 , wherein said prism means is disposed so that the prism ridges have apex 
45 angles directed toward the first reflection means. 

7. A backlight device according to claim 1, wherein the prism ridges of the prism means have an apex angle of at 
most 90 degrees. 

so 8. A backlight device according to claim 1 , wherein the prism ridges of the prism means have an apex angle of 50 - 
70 degrees. 

9. A backlight device according to claim 1 wherein said transmission member is provided with a reflection layer having 
a multitude of apertures, so that the light issued from the light source into the space is respectively reflected by 

55 the reflection means and the reflection layer to be leaked outwards through the transmission member out of the 

apertures. 

10. A backlight device according to claim 9, wherein said reflection layer has an aperture ratio distribution which in- 
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creases with an increase in distance from the linear light source in a linear function, a hyperbolic function or a 
function intermediate therebetween of the distance from the linear light source. 

11. A backlight device according to claim 9, wherein said reflection layer is disposed in a film formed in a pattern of a 
5 mesh or discrete dots supported on a front transmission plate disposed spaced apart from and in parallel with said 

reflection means. 
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